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Abstract- In the document management, the 
information found by users can be considered 
separately to the work productivity and decrease 
time of searching to the related database. Document 
management model not only recommends what 
document user needed but tell user the location of 
documents. This paper will propose a documents 
tracing system approach to combine EPCGlobal 
standard architecture and case-based reasoning 
(CBR) method that get documents information 
immediately. This approach produce customized 
recommendation with fuzzy rules on using records 
or documents characteristics and the document 
relations regulated in TTQS (Taiwan TrainQuali 
System) standard so that it helps collaborative 
operation among organizations and can trace 
document management status. 
 




In the past, the relation between documents 
has to query with electronic records by human 
instruction in e-document management such as 
document attribute or document life cycle. In the 
document management, the information found by 
users can be considered separately to the work 
productivity and decrease time of searching to the 
related database. Document management model 
not only recommends what document user needed 
but tell user the location of documents. The 
physical document management tools normally 
include folders, filing cabinets, sticky or tags that 
classify or tag these documents with their content 
or name. But these tools can't offer a fast query 
and reaching document path when data grows up 
to a big size and hardly discover the hidden 
relation between documents. Although using 
electronic records to manage physical document 
can achieve fast query but it still has a lot of 
defects. For example: the status of documents 
have be review by human, it finds document 
location by shelf number instead of active 
responding the its context by itself, the problem 
that document put at wrong shelf, it needs manual 
operation to sort documents and bring some 
difficult on document checking work, it can't 
predict and recommend with user behavior or 
document used record (Nan Zheng and Qiudan Li, 
2011) 
On the other hand, the document tracing 
system still have some deficiencies for a 
collaborative operation organization 
cross-enterprise. For example, when enterprises 
transfer the electronic files each other, the files 
will attach a physical corroboration document to 
be authentication or certification. There also have 
no document tracing system cross-enterprise that 
the physical documents to miss or to lose when 
these items transfer between enterprises.  
Therefore, if we have an intelligent document 
tracing system that it have documents response 
their status immediately and actively, it will use 
the relations between documents to recommend 
user all of relative documents for helping users to 
manage documents conveniently. So, this research 
will construct an internet of things(IoT) 
mechanism by EPCGlobal(2013) architecture with 
CBR-based recommender ( wang and yang, 2012) 
algorithm to create an intelligent document tracing 
system. In this mechanism, documents can reply 
the query request and response its location and 
status. Furthermore, it recommend relative 
documents to suitable users by characteristics of 
documents or roles. After that, the all roles of 
inter-organization using this system can receive 
document information; it is satisfied in format 
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consistency in information and electronic files 
delivery. To instead of the physical corroboration, 
the system has electronic authentication function 
that upgraded the operation efficiency. 
 
All of the above description, the purposes of 
this study are summarized as follows: 
y Applying EPCGlobal standard architecture 
in documents aware field to construct the 
functions like immediate documents status 
query or location searching. 
y Finding the TTQS document fuzzy rules that 
reminds the user referring other documents 
available or authenticate user and the files. 
y With CBR method, the document tracing 
system can use user’s behavior to predict the 
document they needed.  
y Constructing an inter-organization 
collaborative document management 
platform for TTQS operation that documents 
transfer among enterprises, track document 
position. 
Because the kinds of documents are complex 
and hard to classify, this study will limit to 
research the documents that produce in TTQS 
phases. 
 
2 Literature review 
2.1 Internet of things 
The Internet of things is a novel network 
architecture that is linked and communicated 
between physical objects (Rolf, 2011). It is 
different to traditional internet that is linked with 
physical objects and internet is linked with TCP/IP 
protocol and server. The objects communicate and 
exchange information each other through 
Radio-frequency identification, wireless sensor 
network and embedded chip. The Internet of 
Things must necessarily be the result of synergetic 
activities conducted in different fields of 
knowledge, such as telecommunications, 
informatics, electronics and social science (Atzori 
et al., 2010). And there has multiple applications 
domains of internet of things such as energy 
management, transportation, logistic sand 
healthcare. The Applications domains and relevant 





Figure1 Applications domains and relevant major scenarios(Atzori et al., 2010) 
 
RFID is the one of tools that constructs 
internet of things field. It is a popular wireless 
communication technology recently and it has 
been developed almost 60 years. Because of RFID 
has many characteristics like be identified, quickly 
read, small size, low cost, durable and large 
storage , it is more suitable to attach on objects 
with object tracking and status detecting than 
barcode. Using RFID tags to be product sensor 
unit will transfer the information to back office 
system immediately and help warehouse center to 
control the stock number of non-popular items that 
response the requests of customers quickly (Kun 
et al.,2011).  
The operation units of RFID include tags, 
readers, middleware and back office system. RFID 
tag can be classified to active tags and passive tags. 
Passive tags can’t transfer signals itself that 
publish signals by reader offers energy to tags. 
Active tags have batteries so that it can publish 
signals to readers actively.  
Tags are chips that record the information, 
their structure are different with their application. 
Reader is a device to read tag content, it consists 
of control unit and antenna and it has some types 
like fixed or handheld. Middleware and back 
office system are receiving data from reader. First, 
middleware will filter and analysis these data and 
transfer to back system, according to the purpose 
and function of back system to do different 
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operation. There are four parts of middleware 
functions: ordination RFID devices, data filtering, 
collection data and data path transferring, and the 
integration of procedures management. 
RFID technology has been applied to 
domestic and foreign enterprises. For example, 
Wal-Mart, the famous enterprise in America, has 
asked to its logistics providers to introduce RFID 
technology to coordinate Wal-Mart. The cases of 
successful that introduce RFID technology are 
more and more. Many document management 
system use RFID technology help these systems to 
manage today. With introduction of RFID 
technology, the status of document becomes 
obvious and clear and it catches document 
location quickly with RFID technology by 
wireless sensor. Then RFID tags can store large 
information and be identify so that it can protect 
documents not to be read by someone who doesn’t 
has authority, it also can store using record in tags. 
Document manager also has ability to know 
document status and location by the position 
function of RFID to solve lost or miss problem in 
documents transfer procedures. Nowadays, some 
enterprises like 3M, BookTec have been 
introducing RFID technology applications in 
document files management.  
2,2 Case based reasoning 
   Case based reasoning (CBR) is a machine 
learning technique and concept mechanism for 
solving unstructured problems. It consists of four 
steps such as retrieve, reuse, revise and retain 
(Aamodt&Plaza, 1994). CBR retrieves similar 
problem-solving experiences for reuse with regard 
to further solution. Therefore, CBR is a classical 
artificial intelligent algorithm. Belecheanu et 
al.(2003) applied CBR to new product 
development using past records in order to reduce 
information uncertainty. Recently, some 
researchers have applied CBR for making 
recommendations (Adomaricius& Kwon, 2007). 
Yang and Wang (2009) proposed a recommender 
mechanism from previous cases for information 
system project management. A revised 
recommender mechanism equipped with the 
case-based ability to address more data clustering 
problems is therefore necessary. Wang and Yang 
(2012) proposed a next-generation CBR(GCBR) 
model algorithm. Many clustering techniques have 
been used for data clustering such as K-means 
(Hill, 1968) and hierarchical clustering (Willett, 
1988). Recently, a case-based clustering model is 
proposed by using fuzzy decision tree. (Shiu et al., 
2000). Furthermore, Chang et al. (2010) present a 
hybrid classification model using CBR-based 
fuzzy decision tree. In this research, we applied 
case-based clustering and fuzzy decision tree 
method for document recommender algorithm in 
document tracing system. 
There have two stages of using CBR-based 
recommender to predict user preference: 
y Searching the users who value similar 
rating in past. 
y Using ratings to calculate the 
prediction index. 
2.3 Taiwan TrainQuali System 
TTQS(Taiwan TrainQuali System) is a 
estimated standard that propose by Bureau of 
Employment and Vocational Training (BEVT) 
Council of Labor Affairs in Taiwan. It can ensure 
good training that enterprise could not only 
maintain the quality and performance during staff 
training but also improve the ability and tendency 
of enterprise to hold training activity and then 
advance the ability of national human resource 
and accumulate the training knowledge.  
The standard of TTQS evaluation of training 
quality used “PDDRO” five procedures with 
eighteen scored points. The “PDDRO” means five 
procedures include planning, design, delivery, 
review and outcome. These procedures describe 
all phases of enterprise training activities. The 
documents that be used during PDDRO phases in 
TTQS are showing in Table1. The target of all 
procedures will be explained as follows: 
y Planning: In this procedure, 
enterprises should examine that 
whether the training target and the 
enterprise operation goals are 
consistent or not. Enterprises have to 
link both of them that make the 
achievement of training be obvious 
and convey it to trainees. 
y Design: According to training 
objectives and targets to design 
training course and the form of 
activities. Both of courses content and 
training objectives should be 
consistent and then definite and 
suitable course specifications and pass 
standard should be set up.  
y Delivery: Attention to whether the 
enterprises utilize resources efficiently 
during training course execution, such 
as lecturers or device resources. And 
whether the enterprises save and 
archive the documents, records or 
manuals in training phases that can be 
review or search in future. 
y Review: Enterprises should evaluate 
every phase in training plan that they 
were executive actually and the 
procedure target and performance 
whether be consistent and finished. 
y Outcome: In this phase, the result of 
review phase should be make into 
quality management manuals and the 
all relative documents, such as 
textbooks, class records and trainee 
grades, should be prepared by 
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enterprise that assessment committees 
can evaluate the training result from 
these documents. The committees 
generally use TTQS scorecard to score 
and every committees should have 
same scales and evaluated difference 
that ensure the consistency and 
objectivity of outcome
 
Table1 The documents that be used during PDDRO phases in TTQS (TTQS, 2013) 
Planning 
z The business direction and operational planning documents of training department in 
future. 
z Documents to explain enterprise position and target customer. 
z Annual training goal, development planning and relative activities solution. 
z The relative documents and theirs storage record for training manuals, training 
system graphs and tables, procedures and regulations. 
z The files to description training processes. 
z Training department architecture description. 
z Documents of trainer ability standard and professional work descriptions.  
Design 
z Documents of customers or market training required or professional abilities gap 
analysis. 
z Training courses design processes.  
z Training courses design tables. 
z Training devices and standards and regulations of service evaluation. 
z The definitions, production and management rules of internal lecturers. 
Delivery 
z The documents of trainees’ selection criteria and qualifications rules. 
z The process of textbooks selection operations. 
z The maintenance records of teaching environment and equipment. 
z Learning experience, race records, practical training records or other comments of 
trainees in documents to show learning result.  
z Training processes and related documents and records. 
Review 
z The reports and reviews of training result. 
z The feedback and recommended of trainees. 
z The regulations or processes of monitoring and exception handling. 
z Monitoring operation documents and records in training. 
Outcome 
z The training result evaluation by training department. 
z Traineesatisfaction survey and its analysis, recommendations. 
z The feedback records of lecturer courses. 
z Learning assessment regulations and records. 
z Final report. 
 
2.4 EPCGlobal architecture 
EPCGlobal architecture is a set of internet of 
things objects and information exchange standard 
implemented by the international organization 
“EPCGlobal”, it defines the information exchange 
units such as basic form standard, middleware, 
EPCIS and advanced applications, discovery 
service and pedigree, to integrate into this 
architecture (Bottani and Rizzi ,2008). EPC means 
Electronic Product Code which used to identify 
and track for all physical objects. EPCGlobal is a 
non-profit organization that has been founding by 
EANInternational and UCC, the objective of it is 
management and promotionof the use of the 
Electronic Product Code. MIT Auto-ID center, 
who proposed the concept of EPC in 2003, was 
transferred relation techiniques to EPCGlobal and 
EPCGlobal will be responsibleon registration and 
management for the maintenance of the Electronic 
Product Code work.  
The foundation of EPCGlobal architecture 
implement a network circumstance which can 
detect and identify object status anytime anywhere. 
Through EPC using, all objects have a unique 
number to solve the defect that traditional barcode 
can only identify class not object.Enterprises can 
totally know logistic operation detail by 
EPCGlobal architecture application thatnot only 
get item location in logistic operation in real time 
but also save costs on production, storage, sale and 
maintenance operations effectively to improve 
profits. 
EPCGlobal architecture can be divided into 
three levels according to their direction of 
information flow from the bottom up to Identify, 
Capture and Exchange, every level includes some 
units. Identify level major work is reading and 
identifying EPC code for the physical object that 
facilitate transfer and exchange procedure 
smoothly. Capture level major work is storing the 
information to storage device from reader and it 
examines and authenticates with surplus or error 
data. Exchange level can provide further services 
and application for recorded objects information 
(GS1 Taiwan, 2013).  
Every components in EPCGlobal architecture 
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are belong to one of this three layers. Through the 
operation of this architecture RFID can add a 
character of data sharing. Enterprise RFID system 
will get uniform standard and protocol to sharing 
data which operate independently in past and 
provide a path with implemention of internet of 
things in future (Sarac, 2010). Figure2 is some 
service units in every level of EPCGlobal 
architecture. 
 
Figure2 EPCGlobal architectute and its units.Error! Reference source not found. 
 
2.5 Fuzzy decision tree 
Fuzzy Theory is proposed by L.A. Zadeh in 
1965, it is based of Fuzzy set theory and integrated 
with some concepts such as probability and 
membership function to explain the uncertainty of 
things. The object status in set can be describe 
with belong and not belong. we can divide all 
integers into two classes. Belong A set and not 
belongs and transfers to binary status to mark. 
This partition method called crisp set which have 
two status with A and not A. For all integers, the 
scale of A set is accurate that will not be affected 
by any element. Compared with crisp set, fuzzy 
set doesn’t has accurate scale and partition result 
will be affect with closed level of the elements in 
set. The closed level of elements and fuzzy set 
normally call membership degree. It can show 
with membership function form. The description 
of fuzzy set is belong: if there has a fuzzy set A,  
then A’={(x, μA’(x)|x∈R}.                                                     
(1) 
μA’ is membership function that calculate 
whether the membership degree to set A’ of 
element x is greater than a threshold value to 
decide x is belong A’ or not. μA’(x) means 
membership degree of element x to set A’. 
Membership function can be different forms by 
user definition, such as triangular membership 
functions, trapezoidal membership functions, 
Z-type membership function and Gaussian 
function.  
Decision trees classify data by sorting them 
with the tree from the root to the leaf nodes. On 
the other hand, a fuzzy decision tree allows data to 
follow down simultaneously multiple branches of 
a node with different satisfaction degrees ranged 
in [0.1]. A fuzzy decision tree is a generalization 
of the crisp case. Fuzzy sets defining the fuzzy 
terms used for building the tree are imposed on the 
algorithm. One of the main objectives of the fuzzy 
decision tree induction is to generate a tree with 
high accuracy of classification for unknown cases. 
Experimental results (Buntine,1992) show that the 
selection of attributes is an important factor to 
influence the accuracy of classification. The 
construction method for the fuzzy decision tree is 
designed for a classification problem with 
attributes and classes represented in fuzzy 
linguistic terms (Yuan et al.,1995). According to 
the above literature, the fuzzy representation is 
becoming more and more popular in dealing with 
problems of uncertainty, noise, and inexact data 
(McNeill, 2001 ; Chen,2001). It has been 
successfully applied to problems in many 
industrial areas. 
 
3 Research design 
3.1 System architecture
    In this research, fuzzy decision tree is 
applied as the major classification to evaluate the 
importance of different features in a given case 
base. A novel recommender model is developed by 
a CBR-based data clustering and classification 
using fuzzy decision tree. This study will propose 
a IoT-based tracing system of document 
management to improve document management 
work efficiency and recommend right document. 
This system will explain in two processes. Firstly, 
we use RFID relation devices such as reader or 
antenna and combine with RFID tags attached on 
document to construct an IoT-based tracing 
process. In this process, all TTQS documents can 
transfer data actively through wireless sensor 
network and manage these documents with 
EPCGlobal architecture. Secondly, we will 
construct a document recommend function by 
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three part such as recommendation of TTQS 
related rules, recommendation of digital user 
behavior information and recommendation of 
space or distance information which collect by 
RFID. The system architecture is show in Figure3. 




Figure3 the architecture of IoT-based tracing system 
 
Figure4 CBR-based recommender procedure 
 
 
3.2 Recommendation of TTQS document with 
fuzzy rules 
3.2.1 TTQS document fuzzy rules 
TTQS operating procedures will follow 
PDDRO five phases and every phase will produce 
relative documents. Because of corresponding or 
ordered relation between the documents, this study 
makes a document relationship table from relative 
literatures that we use this relationship rules to 
recommend. Table2 is an example for document 
relationship table and the content is the relative 
documents with the example document in PDDRO 
five phases.  
 
Table2  example for document relationship table 
Example document one：The business direction and operational planning 
documents of training department in future. 
The relative document 
in planning phase 
y Annual training goal, development planning and 
relative activities solution. 
The relative document 
in design phase 
y Documents of customers or market training required 
or professional abilities gap analysis.。 
The relative document 
in delivery phase 
y Learning experience, race records, practical training 
records or other comments of trainees in documents to 
show learning result.。 
The relative document 
in review phase 
 
The relative document 
in outcome phase 
y Final report. 





Recommendation of TTQS 
relation rules 
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Example document two：The definitions, production and management rules of 
internal lecturers. 
The relative document 
in planning phase 
y Training department architecture description. 
The relative document 
in design phase 
y Training courses design tables. 
The relative document 
in delivery phase 
y The process of textbooks selection operations. 
y Training processes and related documents and 
records. 
The relative document 
in review phase 
y The feedback and recommended of trainees. 
The relative document 
in outcome phase 
y Traineesatisfaction survey and its analysis, 
recommendations. 
y The feedback records of lecturer courses. 
y Learning assessment regulations and records. 
 
It is an example for the document of “the 
business direction and operational planning 
documents of training department in future”. 
When user opens this file and user is in planning 
phase, user will get recommendation by TTQS 
document relation rules such as “annual training 
goal”, “development planning and relative 
activities solution”, “documents of customers or 
market training required”, “professional abilities 
gap analysis”, “learning experience, race records, 
practical training records or other comments of 
trainees in documents to show learning result”, 
“final report and Learning assessment regulations 
and records” for reference. If user leaves planning 
phase, the system will check these relative 
documents whether be archived and give a 
warning. 
3.2.2 The roles of document management system 
This study defines the roles of TTQS 
operating process and makes documents 
recommendation by role’s characters. The 
definitions write below: 
 
i. Trainee: Trainees mean the staffs be 
training who were chosen by 
enterprise, they could be workers or 
managers. The possible documents of 
trainee used are attendance records, 
school textbooks, test papers, training 
performance and training regulations. 
ii. The manager of trainees: The manager 
of trainees is the supervisor of original 
enterprise. Because the supervisor has 
to provide the basic information of 
trainees and track student learning 
outcomes and status, the possible 
documents of the manager of trainees 
used are trainees basic information, 
student learning outcomes and 
attendance records. 
iii. Enterprise for training: Enterprise for 
training is the department who send 
staffs to train. When Training 
department designs and plans courses 
or activities, they have to notice that 
the training result and operation goal 
of enterprise for training are same or 
not. So the enterprisefor training has 
to provide the documents of 
operational planning, training goals 
and expected results. 
iv. Training department ： Training 
department means the department who 
undertake the training courses and 
activities. The training department has 
to realize the targets and expected 
results of enterprise for training and 
follows the regulations of TTQS. So 
training department could touch the 
documents of operational planning, 
training goals and expected results and 
propose the right documents to 
correspond the review rules. 
v. Lecturer: Lecturer will teach and 
explain the professional knowledge or 
techniques in training. The possible 
documents of trainee used are the 
definitions, production and 
management rules of internal lecturers 
and attendance records. 
vi. The training place owner: The training 
place owner means that provides 
classroom or ground for training. The 
possible documents of trainee used are 
safety certificate and rental details. 
vii. Committee: The Committees are the 
experts who was invited by Bureau of 
Employment, they can review and 
score to enterprisefor training and 
training department in TTQS review 
phase. The possible documents of 
trainee used are the scorecard, the 
satisfaction feedback of trainees and 
lecturers and training final report. 
 
3.3 CBR-based recommender mechanism 
The Method of CBR-based recommender is 
characterized by the relations between users and 
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documents, then we transform these relations to 
quantitative indicators to evaluate the similarities 
of users, And to find the group similar with major 
user, giving recommendation to predict the 
behavior and preference to major user by group 
users. Based on above theory, this study begins 
with recommended procedures which combine 
with CBR algorithm. This study use the number of 
user access document to be a character, the 
procedures of CBR-based recommender are 
showing in 
Figure 5. Firstly, we retrieve the attribute into 
input value of the fuzzy function, and cluster this 
fuzzy set to some subsets we needed. Then we 
design the membership function for every subset. 
At last, we classify the relation between user and 
document to a fuzzy subset and corresponded in 
calculation, we using CBR algorithm to find the 
similar user group on major user and recommend 





Figure 5 CBR-based recommender mechanism. 
 
 
3.3.1 The times of users used documents 
    The procedure of CBR-based recommender 
is described as follows. 
      Step1.retrieve value of document attributes  
This study uses the distance of the user 
access records between users to calculate 
similarity. 
 
Table3 is a brief example for user about 50 
records, the number in the table means document 
cumulative number of user used. 
 
Table3 the example of document cumulative 
number of user used 
User 
document 
User A User B User C 
document1 5 3 2 
document2 2 5 2 
document3 6 3 6 
...........    
 
    Step2. clustering case based on fuzzy 
membership function  
    After calculation, we can convert 
 
Table3 into the input value form which show in Table4. 
Table4 the example of the proportion of user used and the document be used 
Step1.retrieve 
value of  
document 
attributes  
Step2. clustering case based on 
fuzzy membership function 
Step3. establishing fuzzy  
decision tree model 
Step4. finding simiar user group 
by CBR algorithm with fuzzy 
rule
Step5. predict and 
recommend by similar 
user's behavior 
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User
Cluster User A User B User C 
Cluster 1 0.3 0.3 0.4 
Cluster 2 0.3 0.5 0.2 
Cluster 3 0.1 0.15 0.75 
 
In this study, the degree of correlation 
between the user and the document is divided 
into three fuzzy sets such as "high", "medium" 
and "low" with triangle membership function. 
The "high", "medium" and "low" fuzzy sets 
means the relation degree between users and 
documents. We can know that the specific 
document was often used by specific user than 
the relation between user and document was 
higher through equation (1). These three 
membership functions of fuzzy subset are 
showing in equation(2) with the similar level 
"high", "medium" and "low". ,  
and  stand for the input value  
of relation between user and document. The 
relation between user and document can be 
classify to "high", "medium" or "low" level by 
membership degree number. So the definition of 
three relation levels are showing in Table5，
Figure6 is membership function graph. 
 
Table5 the definition of three relation levels 
Level Definition Explanation 
Low 
gets highest membership degree of the 
input value between user and 
document in three membership functions. 
The proportion ofuser u access document d 
times in document d be access times is less 
relatively. 
Medium 
gets highest membership degree of 
the input value between user and 
document in three membership functions.
The proportion of user u access document d 
times in document d be access times is normal 
relatively. 
High 
gets highest membership degree of the 
input value between user and 
document in three membership functions. 
The proportion of user u access document d 
times in document d be access times is more 
relatively. 
  
              (2) 
 
 
Figure6 fuzzy membership function  
   
Step3. establishing fuzzy decision tree model 
   An important clustering in classification 
accuracy can be achieved with feature weighting 
algorithms. We can convert user used record into 
fuzzy level when we get membership degree to 
find the preference of the user and document.  
Before giving the definition of classification 
accuracy, we denote the following symbols: 
U(X) is the family of all fuzzy subsets defined 
on X, and the cardinality measure of a fuzzy subset. 
x  is given finite data of U(X). 
 ClassesCAttributeS == ,  
S is defined by the membership of a fuzzy 
subset SU  which takes values in the interval [1, 0] 
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in a universe of U(X). For Ux∈ , 1)( =xU S  means 
that x is definitely a member of S and 0)( =xUS  











=∩                               
(3) 
 The intersection CS ∩  is defined by 
probability summation for S and C. 
Then, we describe the definition of algorithm as 
follows. 
First, determine the symptoms which belong to 
a particular a class of cause (see definition3):  
Definition 1: Given the fuzzy data, the accuracy 
















                     (4) 
   So we use input value in Table4 to calculate 
with membership function and cluster documents 





Table6the correspondence fuzzy result of user and document. 
User
Cluster  User A User B User C 
Cluster 1 Medium Low High
Cluster 2 High Low Low 
Cluster 3 Low High Medium 
     
Step4. finding similar user group by CBR 
algorithm with fuzzy rule 
    One of the most useful ability of CBR is 
developed on case retrieval methods such as 
nearest neighbor (NN) inductive learning and 
knowledge-guide. In this article, we use NN 
method with fuzzy rule for TTQS relative 
characteristics. NN method with fuzzy rule can be 
used for classifying a new case by searching for 
the cases that have the most similar features and 
reassigning the class of its nearest neighbor to the 
new case. The overall similarity determine by by a 
weigh NN matching function is mathematically 







i STwST −= ∑
=
                
(5) 
   Where Wi is the weight of attribute, T is the 
target case, S is the retrieved case, F is the number 
of attributes in each case, and i is an feature from 
1 to F.  
The relation between all users and documents 
are showing in  
 
Table6 and the similarity could present by 
vector. The membership degree of two users T, S 
with a document is ),( STd useruserT  , if the 
membership degree of T, S is identical then we 
give a value “0” for it. If the membership degree 
of A, B is different then we give a value “1” for it 
and we will get a vector between any two users. 
The vector length (T,S) means the distance 
between User T, S and it also means similarity. If 
this value more higher, the similarity of User T, S 
is less. On the contrary, the similarity of User T, S 
is higher. The distance formula is showing 
equation (5). 
Fuzzy rules can be generated using IF-THEN 
statements: IF (fuzzy proposition) THEN (fuzzy 
proposition).A fuzzy rule-based is systematic 
inference method that can capture the knowledge 
judgment of experts by using Fuzzy rules. It can 
be generated using IF-THEN statements: IF (fuzzy 
proposition) THEN (fuzzy proposition). From the 
discussion above, fuzzy rule-based knowledge 
repository can be constructed using IF-THEN 
statement to assist document recommender in 
tracing process. The statement is as followings: IF 
(The vector length (T,S) with fuzzy membership 
function) THEN (similar user group). 
 
    Step5. predict and recommend by similar 
user's behavior 
In this phase, we can use the similar user 
group behavior which we get above to make 
recommendation for major user. According to the 
frequencies of user access document, this 
recommendation process can recommend user an 
order to access unused documents before. For 
example on fuzzy decision tree path, if two paths 
are similar in the procedures of making decision, 
they will get the same leaf node possibly. So we 
can know that two similar results will also have 
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two similar decision paths. So, if we use a user’s 
behavior to be a pattern and go to find a similar 
group user, the user in this group will have some 
similar behaviors with major user. So we can use 
the documents used record of similar group user to 
predict and recommend unused document for 
major user. 
   
3.4 CBR-based recommender mechanism in 
IoT-based tracing system 
Because of the application with internet of 
things and EPCGlobal architecture, the object in 
this field are intelligent that it can transfer the 
status and information itself through wireless 
sensor network to replace traditional human work. 
This application also helps recommendation to use 
the real-time information to calculate 
recommendation value which was not considered 
before such as document real-time distance, 
document real-time status. On the other hand, the 
status of object has be seem and key in by human 
before but  internet of things can capture objects 
information anytime automatic. So it can get the 
real-time information to recommend user suitably. 
In this section, we will design a calculation and 
recommendation procedures with real-time 
information as follows. 
In this study we will use the distance between 
user and document to be input and the 
measurement of distance is meter. Table7 is an 
example of distance between user and document. 
'Table8 is the result after input the variables in 
Table7 into membership function. 
 
Table7 the distance between user and document (measurement：meter) 
User
document User A User B User C 
document 1 40 60 200 
document 2 120 40 20 
document 3 60 80 40 
'Table8 the result of calculation 
User
Cluster t 
User A User B User C 
Cluster 1 far farther farther 
Cluster 2 farther far near 
Cluster 3 farther farther far 
 
Through internet of thing, the objects 
real-time status can be detected , according to 
different status the recommendation system will 
change the document prior order. In this study , 
the statuses of document are defined with “on 
board”, “borrowed”, “reviewed”, “edited” and 
“unusual”. The statuses are explained below:： 
y On board：The document is on the board or 
in the archive that the user can further lend. 
y borrowed：The document isbeen borrowing 
by other user and it is not in the enterprise 
operation process. 
y reviewed：The document is borrowing by 
other user and it is in the enterprise operation 
process. 
y edited：The document is borrowing by other 
user and it editing now. 
y unusual：The document is unusual such as be 
lost or be damaged. 
According to the document status design 
above, this study classify these statuses to three 
levels. The numbers from low to high represents 
prior order. The recommended level will be a 
part of total recommendation formula to 
construct a complete recommendation model.。 
 
Table9 the recommended order of document real-time status 
Recommended level 1 2 3 








4 The operation architecture in IoT-based tracing system 
. 
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Figure7 IoT-based tracing system  
 
 
In this system, the space of documents 
storage will deployment with antenna, RFID 
reader that users can search document quickly and 
numerous. The documents also can tell its location 
by RFID active tags.。Figure7 show the document 
management operation model in internet of things 
field.為 
The EPCGlobal architecture includes three 
layers: Identify, Capture and Exchange. In this 
study, we will attach the tags on documents and 
various service units such as ALE, EPCIS to filter 
and analyze data. The tracing of internet of things 
and back system is showing in Figure8. 
 
 
Figure8 document information tracing in internet of things  
     
This study use CBR-based recommender 
mechanism to ensure this document tracing 
method we proposed improve the efficient on 
document management work actually. Using 
CBR-based recommender mechanism to manage 
documents can predict target user with the user 
group who were similar with target user. The 
existed document management systems that 
integrated with CBR-based recommender could 
help user to find the documents which is suitable 
with user’s requirement or behavior and decrease 
the time user has to cost. So the application of 
CBR-based recommender can improve the search 
efficient but can’t help user to get real document 
in procedures. The recommender method will not 
provide the documents which user needed without 
the way how to get. The study proposed a 
document management model not only 
recommends what document user needed but tell 
user the location documents by RFID. This model 
can improve the physical document tracing more 
effectively. The RFID technique was applied on 
logistic and storage management for few years. 
Through the characters, such as location, track or 
identify can help management work more efficient. 
There also have many examples on document 
management and relative products with RFID tags 
like sticky notes or staples.Error! Reference 
source not found. But the exited RFID document 
management systems lack of some function that 
response user what documents they needed or will 
use in future. So, we proposed this documents 
system to integrate with EPCGlobal architecture 
and intelligent CBR-based recommender 
mechanism to provide user a solution with 
physical and logical information.  
 
5 Conclusion 
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This study proposed a document management 
model integrate with EPCGlobal architecture and 
intelligent recommender. It not only provide the 
functions such as query in real-real time, response 
actively and collaboratively operate between 
enterprises but also recommend the suitable 
documents to user with TTQS relative rules, user 
behavior and document real-time status. This 
model actually improves the availability of 
documents. This paper will propose a documents 
tracing system approach to combine EPCGlobal 
standard architecture and case-based reasoning 
method that get documents information 
immediately. This approach produce customized 
recommendation with fuzzy rules on using records 
or documents characteristics and the document 
relations regulated in TTQS standard so that it 
helps collaborative operation among organizations 
and can trace document management status. After 
that, this novel can improve the document 
management efficiency and discover the potential 
business opportunities to acquire more profit. 
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